WHO Grade II glioma (low-grade glioma [LGG] ) is increasingly diagnosed as an incidental finding in patients undergoing MRI for many conditions. Recent data have demonstrated that such incidental LGGs are progressive tumors that undergo clinical transformation and ultimately become malignant. Although asymptomatic LGG seems to represent an earlier step in the natural course of a glioma than the symptomatic LGG, it is nonetheless impossible to predict at the individual level when the tumor will become malignant. The authors report the case of a 43-year-old woman with a right operculo-insular LGG that was incidentally diagnosed because of headaches. No treatment was proposed, and repeated MRI scans were performed for 6 years in another institution. Due to a slow but continuous growth of the lesion, the patient was finally referred to our center to undergo surgery. Interestingly, objective calculation of the velocity of the tumor's diametric expansion demonstrated a sudden acceleration of the growth rate within the 5 months preceding surgery, with the development of contrast enhancement. Remarkably, the patient was still asymptomatic. An awake resection was performed with intraoperative electrical mapping. There was no functional worsening following surgery, as assessed on postoperative neuropsychological examination. Removal of 92% of signal abnormality on FLAIR MRI was achieved, with complete resection of the area of contrast enhancement. Neuropathological examination revealed a glioblastoma, and the patient was subsequently treated with concomitant radiotherapy and chemotherapy. Although a "wait and see" attitude has been advocated by some authors with respect to incidental LGG, our original case demonstrates that acute transformation to glioblastoma may nonetheless occur, even before the onset of any symptoms. Therefore, because the lack of symptoms does not protect from malignant transformation, we propose consideration of earlier resection in a more systematic manner in cases of incidental LGG.
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KeY words low-grade glioma; incidental tumor; malignant transformation; surgery; oncology basically nil before the onset of any symptoms (usually seizures), explaining why some authors have suggested a "wait and see attitude" in iLGGs. 21, 22 Here, we report, for the first time to our knowledge, a case demonstrating the acute radiological and neuropathological transformation of iLGG to a glioblastoma in an untreated patient who remained free of symptoms.
case report

History and Examination
This 43-year-old left-handed woman, an architect with no previous significant medical history, underwent brain MRI examination in May 2008 because of headaches. This MRI study revealed a small left carotido-ophthalmic aneurysm (untreated) as well as a right insular lesion highly suggestive of an LGG (nonenhancing hypointense lesion on T1-weighted MRI, hyperintense on fluid attenuation inversion recovery [FLAIR] MRI) ( Fig. 1 left) . No definitive histological diagnosis was obtained at the time of the initial finding. Close clinical and radiological follow-up was performed over the next 6 years at another institution, including MRI studies every 12 months. The patient enjoyed a normal familial, social, and professional life, with no symptoms (of particular significance, no seizures) and no treatment (no antiepileptic drugs). Due to the lesion's slow but continuous growth, the patient was finally referred to our center in February 2014 to consider possible surgery. At that time, we retrospectively calculated the volumes on the first and last MRI studies using dedicated software (Myrian, Intrasense). On the first imaging study (May 2008) , the lesion volume was 3 cm 3 ( Fig. 1 left) , whereas on the last imaging study (November 2013), it was 11 cm 3 ( Fig. 1 right) . Therefore, the mean spontaneous velocity of diametric expansion before firstline treatment, i.e., the slope of the mean tumor diameter growth curve deduced using the methodology detailed by Pallud et al., was 1.8 mm/year. 18 This is in agreement with a natural course of LGG. 12 At the end of the interview with the patient and her family, due to this objective increase of tumor volume over years, surgery was decided upon and planned for April 2014.
Preoperative Assessment
The results of the preoperative neurological examination were normal. In addition, the neurocognitive assessment performed by a trained neuropsychologist (G.H.) revealed no cognitive impairment in various domains such as executive functioning, social (mentalizing) and spatial cognition, praxis and visuo-perceptive abilities, language, and working memory. However, an MRI study performed on the day before surgery showed an rapid increase in tumor volume (to a volume of 21 cm 3 ), indicating an acute acceleration of the growth rate-that is, a growth rate of about 13 mm/year, in contrast to the previous 1.8 mm/ year-in agreement with the natural history of a highgrade glioma. 14, 17 At this time, the tumor also involved the right frontal operculum. In addition, this imaging study revealed the sudden occurrence of a "ring-like" contrast enhancement in the anterolateral part of the lentiform nucleus, supporting the likelihood of malignant transformation ( Fig. 2) .
Operation
This left-handed patient was surgically treated under local anesthesia (asleep-awake-asleep protocol using propofol and remifentanil). A frontotemporal craniotomy was performed, and intraoperative ultrasonography was used to delineate the lesion. A bipolar electrode with 5-mmspaced tips delivering a biphasic current (pulse frequency 60 Hz, single pulse phase duration 1 msec, amplitude 2 mA; Nimbus, Hemodia) was applied to the patient's brain to map the cortex before resection. 7, 26 According to a method we previously described, 9 we instructed the patient to perform a double task associating continuous movement of the left upper limb and picture naming; the aim was to check in real time whether any sensorimotor or speech articulation disorders occurred during the mapping and the resection. A neuropsychologist (G.H.) was present in the operating room to evaluate any functional disturbances. Four eloquent sites were identified at the cortical surface: stimulation over the rolandic operculum (ventral premotor cortex) induced anarthria, while more medially over the precentral gyrus, stimulation induced involuntary facial movement (primary motor cortex of the face) and arrest of upper limb movement as well as speech (negative motor area) (Fig. 3a) .
The frontal operculum, partly invaded by the tumor, was removed according to these functional boundaries. Thus, the insula was approached through the inferior frontal gyrus using a subpial dissection, and the insular portion of the glioma was resected. During this second surgical stage, resection and subcortical stimulation were used in an alternating way to prevent damage to eloquent deep structures. 6, 7 The resection was extended up to the sites at which stimulation elicited speech arrest, the corona radiata (as the superior and deep limit) and the anterior limb of the internal capsule. The lateral part of the lentiform nucleus (invaded by the enhancing part of the tumor) was also encountered in the depth (Fig. 3b) .
Postoperative Course
The postoperative course was uneventful, with no neurological worsening. The patient had no local or general complications, and she had no seizures. She reached her preoperative neuropsychological baseline only 3 days after surgery and returned home 4 days after surgery.
Postsurgical MRI revealed subtotal resection, with a 92% extent of resection of the FLAIR signal abnormality, given some residual tumor (1.6 cm 3 ) within the posterior part of the insula. The area of enhancement was totally removed (Fig. 4) .
The neuropathological diagnosis was glioblastoma (WHO Grade IV). The molecular analysis revealed IDH1 mutation, MGMT methylation, and 1p19 co-deletion.
The patient was subsequently treated with concomitant radiotherapy and chemotherapy (Stupp protocol).
discussion
Although early and maximal resection is at present the first-line treatment for symptomatic LGG, as recommended by the current European Guidelines, 24 management of iLGG is still a matter of debate. This controversy is due, in particular, to a poor knowledge of the natural history of this rare disease. Interestingly, the spontaneous course of iLGG has recently been investigated, showing that this entity is a progressive tumor in all cases, with a median velocity of diametric expansion of approximately 3.5 mm/ year (that is, very close to the growth rate of symptomatic LGG) and leading to clinical transformation toward symptomatic LGG at a median interval of 48 months after radiological discovery. 16 A similar growth rate was confirmed by Potts et al., 19 based upon an experience with 35 iLGGs. These data demonstrate that iLGG is never stable. Above all, in the series by Pallud et al., 16 almost one-third of cases (14 of 47) demonstrated malignant transformation at a median interval of 5.7 years after radiological discovery, and 4 patients died at a median interval of 8.9 years after radiological discovery of the lesion. In the same vein, in a surgical series with 11 iLGGs, a microfocus of anaplasia with endothelial proliferation was identified in the middle of the tumor in 27% of cases, demonstrating that malignant transformation may occur before any symptoms. 3 Here, we report, for the first time to our knowledge, a case of an iLGG that progressed to glioblastoma in an asymptomatic patient. While it is well known that about 10% of glioblastomas are derived from WHO Grade II tumors, it is very uncommon to observe the acute and direct transformation of an LGG into a glioblastoma without any intervening progression to WHO Grade III glioma (the so-called "anaplastic transformation"). To our knowledge, this phenomenon has never been documented in real time in the literature by serial MRI. In addition, it is exceptional to show that this progression to glioblastoma can occur before the onset of symptoms: this is the first such case ever reported. Although there are no reliable criteria to predict at the individual level when malignant transformation will occur in iLGG, one could hypothesize that the risk of degeneration is basically nil before the onset of any symptoms. This is the reason why a conservative attitude has been proposed by authors who recommended repeated MRIs. 21, 22 This is exactly what was done in the present case in a previous institution-that is, a wait and watch approach. Nonetheless, this case taught us that the lack of symptoms does not protect from malignant transformation. Indeed, even in the postoperative period, after malignant transformation was histologically confirmed, our patient did not experience seizures, neurological deficits, or neurocognitive disturbances, as determined by comparison with the preoperative neuropsychological examination. In addition, this case demonstrates that a real iLGG, i.e., a lesion followed over years with a slow growth rate of approximately 1.8 mm/year, may nonetheless progress acutely to glioblastoma without passing through the step of WHO Grade III glioma.
Even though we cannot claim that earlier surgery would have prevented degeneration in this case, we can nonetheless assume that earlier surgery would have provided a greater extent of resection (EOR). Indeed, it has already been shown that the EOR is higher in iLGG than in symptomatic LGG, due to smaller tumor volumes. 16, 19 In a previous surgical experience with 11 iLGGs, beyond the fact there was no partial resection, a total resection was achieved in 36% of cases and a supratotal resection (i.e., the resection of a margin around the tumor visible on FLAIR MRI) was achieved in 27% of cases. 3 This issue is a crucial one because a supratotal removal may prevent malignant transformation in LGG. 27 In the same vein, several authors demonstrated that patients operated on for iLGG had a significant improvement in overall survival in comparison with a control group of patients with symptomatic LGG. 16, 19 As a consequence, taken together, these data plead in favor of an early surgical treatment in asymptomatic patients, to maximize the EOR before malignant transformation.
Finally, from a functional point of view, one could suggest that early resection is not appropriate for iLGG, due to the surgical risk. However, it has been shown that maximal resection of iLGG is possible with no permanent postoperative deficit, even when eloquent areas are involved, 3 thanks to the use of intraoperative mapping in awake patients. In the present case, direct stimulation enabled the achievement of a functional mapping-guided resection, both at the cortical level (identification of the primary motor cortex of the face, ventral premotor cortex, and negative motor area) and at the subcortical level (detection of the fibers running in the corona radiata and anterior limb of the internal capsule, involved in speech). Functional preservation was confirmed by the immediate postoperative neuropsychological examination, which revealed no neurological or cognitive deficits. Therefore, it seems that the theoretical risk of generating neurological worsening does not represent an argument against early surgery in iLGG.
In summary, we are recommending early surgery for patients with any incidentally found lesion resembling a LGG, after the demonstration of tumor growth-which strongly suggests that the lesion is a glioma. 16 Indeed, in a recent prospective series of 21 iLGG patients who underwent surgery with a mean follow-up of 49 months following resection, all patients are still alive and enjoy a normal life, with no immediate postoperative seizures in any case but one. 2 These data strongly reinforce the proposal of a screening policy for LGG, to evolve toward a "preventive treatment." 11, 15 conclusions With this original case, we highlight the fact that an iLGG can undergo acute and direct transformation into glioblastoma, even in a patient who remains asymptomatic. Because the lack of symptoms does not protect from malignant transformation, we propose that earlier resection be considered in a more systematic manner in cases of iLGG, with the aim of increasing the EOR while preserving the patients' quality of life.
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